A study was conducted to measure the plant nutrient, and carbon content of as-removed stall manure, bedding-free manure, and manure from an uncovered storage pile on six horse farms. The farms ranged from pleasure horse stables with lightly used stalls to intensively used barns for race horses, breeding animals, and show horses. The quantities measured included: moisture content, total nitrogen, total ammoniacal nitrogen, nitrate nitrogen, organic nitrogen, total phosphorous, total potassium, calcium, magnesium, sulfur, zinc, copper, manganese, iron, total carbon, electrical 
Introduction
South Carolina's equine industry is small compared to states like Texas (395,816 horses), Oklahoma (158,918 horses), and Kentucky (141,842 horses, USDA, 2013) . However, the South Carolina equine industry has increased over the last twelve years. According to census data over the period from 2002 to 2012 the number of farms with horses has increased by 31% (6243 to 7209 farms) and the number of horses increased by 15% from 40,724 to 53,395 (USDA, 2013) . Official census numbers are considered to be low since the current horse population is South Carolina is estimated to be between 90,000 (SCDNR, 2014) , and 100,000 (Clemson Extension, 2014) .
The increase in interest and participation horse ownership centers around several activities including trail riding, polo, fox hunting, Western and English competitions, shows, and training facilities of all kinds. These activities are facilitated by the hundreds of miles of riding trails available on public lands, the presence of a steeplechase track near Camden, SC, numerous polo fields near Aiken, SC, and large arenas for shows at Clemson University, and near Landrum, SC.
The increase in horse population also increased the amount of horse manure to be managed in a responsible manner. It has been estimated that about 30 kg (66 lb) of manure and soil bedding is removed from a typical horse stall each day (Wheeler, 2006) . Every 1000 kg of bedded horse manure contains about 6 kg of total-N, 2.5 kg of P 2 O 5 , and 4.5 kg of K 2 O (Wheeler and Zajaczkowski, 2001) . Several sources and studies have indicated that the large amounts of carbon can induce nitrogen deficiency due to immobilization of soluble nitrogen (e.g. James, 2003, Doesken and Davis, 2007) . Horse manure also contains large amounts of carbon, organic matter, and many valuable minor plant nutrients, such as Ca, Mg, S, Zn, Cu, Mn, and Fe. However, little data is available in the literature concerning concentrations of minor plant nutrients in stall manure (Lawrence et al., 2003) .
South Carolina law (SCDHEC, 2002) requires all confined animal facilities with 30,000 pounds of average live animal weight or more to have a manure management permit to operate. The state permit includes requirements for land application of manure, separation distances between facilities and waters of the state, and annual manure and soil testing requirements. Confined animal facilities with 10,000 to 30,000 pounds of average live weight are not required to have a state permit. However, they are still required to have and implement an approved manure management plan. As a result, equine facilities with 10 to 29 more stalls are required to develop and implement a manure management plan that requires knowledge of the plant nutrient content of the manure to be land applied, application based on agronomic rates for N, P 2 O 5 , or K 2 O, and records of application. Equine facilities with 30 or more stalls are required to have the same state permit as poultry, swine, or dairy farms.
Manure composition data obtained from land-grant universities, extension literature, or government agencies can be used to develop a manure management plan for a proposed or existing facility. However, SC law requires the plan to be implemented using data collected from the actual facility once it is in operation.
The goal of this project was to obtain equine manure composition data that can be used for the development of manure management plans. Given the wide variability in the daily use of stalls, the amount of bedding used in stalls, and other stall management factors it was hypothesized that stall management would have a significant impact on the composition of equine manure, and may have an impact on recommended manure utilization practices. The objectives to meet this goal were: (1) collect as-removed bedded stall samples on six horse farms during routine stall cleaning, (2) obtain bedding-free manure samples from at least three farms, (3) classify each barn by stall management, and stall use, (4) determine if stall management had a significant impact on the solids and plant nutrient content of equine manure, (5) develop manure management recommendations and a table of characteristics to be used for manure management planning for equine facilities.
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Methods
Six horse farms were selected that included facilities that ranged from small, pleasure horse barns to farms with multiple barns that provided intensively managed housing for race, and show horses. Each horse farm was visited once to obtain samples of bedded stall manure. Samples were collected as manure and fouled bedding was removed from the stalls according to normal daily stall management practices. During the site visit, the owner of the facility was asked questions about bedding practices, manure removal frequency, and stall use frequency.
Based on these interviews and observations during the site visit, the farms were classified by stall use and bedding management categories as shown in Table 1 . Four of the six farms were placed in the high stall use category since horses were typically kept in stalls overnight and during inclement weather. One boarding facility, Farm 5, was ranked medium since the frequency of stall use was determined by owners of individual horses and was sporadic. The smallest facility, Farm 4, was ranked low on stall use since most of the horses were boarded on pasture, and stalls were only used occasionally. The six farms were also classified as high, medium, and low based on stall management practices. Three facilities (Farms 1, 2, and 3) were classified as high for stall management since large amounts of bedding were used, and manure and fouled bedding were removed each day, and replaced with small amounts of fresh bedding. Two farms were ranked medium. On one of these farms, Farm 4, the amount of bedding used fully covered the stall floor, but the stalls were not cleaned daily. Farm 6 was placed in the medium stall management category since the amount of bedding used was not sufficient to fully cover the stall mats. Farm 5 was ranked low for stall management since stalls were not cleaned daily, and very little bedding was used. Manure and fouled bedding removed from stalls was stored in uncovered windrows on Farm 3 for several months prior to spreading on pasture. Samples were collected from several locations in the uncovered pile, and mixed in a plastic bucket.
Small boarding facility for pleasure horses, most kept on pasture, only a few simple stalls available that were used infrequently, wood shavings and saw dust bedding added after removing manure and foul bedding as needed. Adequate amount of bedding used. Samples collected during visit.
Low Medium 5
Boarding facility for 18 pleasure horses, poorly managed box stalls, some horses kept in stalls overnight during rainy or cold weather depending on horses owner, manure removed sporadically, very little bedding used since bedding was not visible when samples were collected from the stalls.
Medium Low 6
Private barns for purebred brood mares, well-designed, modern box stalls with rubber stall mats, horses kept in the stalls overnight and during poor weather, bedding was a bagged pelletized wood product, bedding amount used was not sufficient to cover the stall mats, manure and foul bedding removed each day. Stall manure samples collected during daily stall cleaning.
High Medium
Beddingfree Manure Bedding-free manure samples collected on stalls on Farm 2, 3, and 6.
NA NA 1 NA = not applicable
On Farm 3, bedded manure that was removed daily from stalls was stored in large, uncovered, windrows for extended periods of time (weeks to months) prior to application to pastures. The owner called the piles compost piles. However, it was evident that very little heating was taking place. Samples were taken from several locations and depths in an old windrow of unknown age. These samples were well-mixed to provide a representative sample for analysis. The composition of these samples was to be compared with bedded manure as-removed from the stalls. While visiting Farms 2, 3, and 6 samples of horse manure without bedding were obtained from stalls to provide a comparison to heavily bedded horse manure.
Manure samples were collected from the stalls, or the uncovered windrow, using shovels and a wheel barrow. The manure was mixed well in the wheel barrow using a shovel and a pitch fork. Three, 2 to 3 L samples of the manure from each barn were placed in sealed, plastic containers, and were transported on ice to Clemson University for analysis at the Agricultural Service Laboratory. Three replicate analyses were performed for each of the 6 horse barns (Farms 1-6), bedding-free manure (one sample each from Farm 2, 3, and 6), and the uncovered pile (Farm 3). The plant nutrients concentrations measured were: total nitrogen (Total-N), total ammoniacal nitrogen (TAN = NH 4 + -N + NH 3 -N), nitrate-N, total P (expressed as P 2 O 5 ), total K (expressed as K 2 O), calcium, magnesium, sulfur, zinc, copper, manganese, iron, and sodium. The organic-N content was calculated as: Organic-N = Total-N -TAN -nitrate-N. Other characteristics measured included: moisture content, total carbon content, organic matter content (O.M.), pH, and electrical conductivity (EC). Standard laboratory procedures were used for all analyses and details are provided by Moore (2014) .
A simple one-way analysis of variance (ANOVA) was performed for each on the defined characteristics, and the carbon to nitrogen ratio (C:N). Each ANOVA had eight treatments with three replications yielding 16 error degrees of freedom. The least significant difference (LSD), using t 0.025 , 16 = 2.12, was used to test for differences between treatment means at the 95% level of probability (Steel and Torrie, 1980) .
Results
Statistical analyses of the carbon, organic matter, nitrogen, phosphorous, potassium, and minerals contained in the samples were performed on a dry basis since the moisture contents of the samples ranged from 56.8% to 78.8%. Such a wide range of moisture contents would introduce variation in concentration data that would otherwise need to be treated as a co-variant. The treatment means for the stall manure from the six different barns, bedding-free manure, and manure from an uncovered storage pile are provided in Table 2 . The standard errors (S.E.) and LSDs computed from the 20 ANOVAs are also shown.
Farm-To-Farm Variability
One of the first things to notice from the treatment means in Table 2 is that the composition of bedded horse manure collected at each of the six farms was significantly different from the others in one or more characteristics. Variations in feed composition, use of mineral supplements, bedding types, stall management, and stall use resulted in significant differences in the concentrations of moisture, organic matter, organic-N, soluble-N (TAN and NO 3 -N), P 2 O 5 , K 2 O, minor plant nutrients, and sodium. Characteristics such as electrical conductivity, C:N, and pH also varied significantly from farm-to-farm. Therefore, the best data for implementation of a nutrient management plan for a horse farm comes from the average analyses of samples collected during normal stall cleaning practices for a particular farm. Data provided from this study, and from other publications, are best used only for nutrient management planning. Once the farm begins implementation, the plan should be updated based on on-going, periodic manure sampling. Annual manure sampling, and maintenance of a rolling average for key plant nutrient concentrations are required in South Carolina (SCDHEC, 2002) for implementation of manure application plans at all permitted animal production facilities.
Effect of Uncovered Storage on Manure Characteristics
On Farm 3, bedded stall manure was routinely removed and stored in uncovered windrows prior to spreading on pasture. Comparison of samples collected from an uncovered windrow with bedded manure removed from the stalls on Farm 3 shows that storage had a significant impact on manure characteristics (Table 2) . Only four characteristics were not significantly affected by storage namely moisture, organic-N, Ca, Cu, and Fe. The lack of a significant reduction in organic-N combined with only a 3% reduction in carbon indicated that very little composting had taken place in the pile. A previous study of composting demonstrated that significant reductions in organic-N (63%) and carbon (51%) were two of the primary indicators that aerobic decomposition of a manure bedding mixture had occurred (Chastain et al., 2013) . Furthermore, the reduction in pH from 7.23 to 6.37 may be the result of the presence of acid forming bacteria which require anaerobic conditions. Uncovered storage of horse manure also resulted in large reductions in several major and minor plant nutrients including: P 2 O 5 (72%), K 2 O (74%), S (57%), Mg (40%), Mn (33%), and Zn (56%). Sodium, a soluble constituent, was also reduced by 79%. This reduction in Na and many soluble plant nutrients was also reflected in the very low value of EC for the uncovered manure, 0.45, as compared to manure removed from the stalls, 2.25. 1 S.E. = Standard error = (2 S P 2 /r) 0.5 , where S P 2 = the pooled sample variance or mean squared error from ANOVA and the number of replications per treatment, r = 3. 2 LSD = Least Significant Difference at the 0.05 level = t 0.025,edf x S.E., Where = t 0.025,16 = 2.12.
3 EC was performed on the as-received sample on a 1:5 (dw/v) basis. The observed reductions in dry matter nutrient content were not entirely unexpected since similar reductions were previously observed in compost that was cured in an uncovered windrow (Chastain, et al., 2013) . Some of the reduction may be due to day-to-day variations in manure composition on the farm. However, a portion of these nutrients may have been in soluble form, and were lost from the uncovered pile in rain runoff water, by leaching, or both. Since a study of the soil beneath and around the windrow was not performed the exact cause in these reductions cannot be defined unambiguously. However, these results clearly indicate that manure nutrient analysis results obtained for manure as-removed from the barn are not sufficient for planning and implementing nutrient management plans for manure that is stored prior to use. Separate data concerning the composition of stored manure is required to utilize stored manure in an effective and environmentally responsible manner.
Impact of C:N on As-Removed Manure Characteristics
The C:N of horse manure removed from the stalls on these six farms tended to increase with stall management rank. As-removed manure from the farm ranked in the low stall management category had the lowest C:N of 23 while manure removed from stalls with no bedding had a C:N of 27. Stall manure from farms ranked medium ranged from 30 to 34, and stall manure from the three farms ranked high for stall management had C:N values from 39 to 48. It was also apparent that many, but not all, of the plant nutrients in horse manure appeared to have some dependency on the level of stall management. Therefore, C:N was selected as the independent variable for a correlation analysis of the treatment means of manure characteristics. Since LSD tests already demonstrated that manure stored in an uncovered pile was significantly different from as-removed manure the data from the uncovered pile on Farm 3 was not included in this analysis. The values of the correlation coefficient, r, coefficient of determination, r 2 , and calculated t-values (Steel and Torrie, 1980) are provided in Table 3 . In order for a correlation to be considered significant it had to be greater than the critical t-value of 2.015 based on 5 degrees of freedom (N-2) at the 95% level of significance. The results given in Table 3 indicate that only organic matter and carbon content were positively correlated with respect to C:N. Surprisingly, only the positive correlation between organic matter and C:N was significant at the 95% level. While bedding-free horse manure contains a large amount of organic matter, addition of bedding resulted in an increase organic matter which in turn raised the value of C:N.
The moisture content, and all major and minor plant nutrients were negatively correlated with respect to C:N. This was not unexpected since addition of dry organic bedding materials would be expected to dilute concentrations of all of these constituents. As can be seen in Table 3 , the correlations were significant for Org-N, TN, P 2 O 5 , Ca, Mg, Zn, Cu, and Na. The strongest relationships were for Org-N, TN, Mg, and Cu as indicated by coefficients of determination greater than 0.60. That is, 60% (Cu) to 89.9% (TN) of the decrease in the dry matter content of these nutrients could be attributed to an increase in bedding management as reflected by an increase in C:N.
Electrical Conductivity
Electrical conductivity is often used as a general measure of soil amendment quality. In many cases, high values of EC, in excess of 3, are from the presence of salts such as sodium chloride and can reduce seed germination or hinder plant growth (e.g. Watson, 2003, and Compost for Soils, 2011) . However, a high EC can also be related to the presence of valuable plant nutrients or metallic minor nutrients (Compost for Soils, 2011) . The values of EC obtained in this study ranged from 0.45 for manure collected from an uncovered windrow to 3.46 for bedded stall manure collected from the buildings at Farm 6. A correlation analysis was performed to determine the plant nutrients that were the most responsible for the wide variation in EC observed from farmto-farm. It should also be noted that application of horse manure to fields at reasonable agronomic rates would be expected to dilute the effects of salts on plant growth (Compost for Soils, 2011).
The results of the correlation analysis, along with the relative electrical conductivities of the most conductive metals and nutrients, are provided in Table 4 . While Na would be expected to be present in the manure as NaCl, the high levels of EC were not significantly correlated to Na at the 95% level. Furthermore, the only plant nutrient that was a significant predictor of elevated EC values was the total K content expressed as K 2 O with a coefficient of determination of 0.9462. Therefore, the high EC values observed were directly correlated to high levels of potassium and not harmful salts. These results demonstrate that EC alone cannot be used to determine if plant toxicity is likely, but sufficient analyses should be performed to determine if the elevated EC is from nutrients or Na (Compost for Soils, 2011). 
Manure Management Recommendations
Thus far data collected in this study has been analyzed on a dry matter basis in order to observe the impacts of stall management and storage on the composition of horse manure on six farms. The analysis showed that manure from each of the farms was different in some way, and the best data for implementation of a manure management plan is characteristics data from a particular farm. Furthermore, many important plant nutrients, and the organic matter content, correlated significantly with respect to C:N. It was also observed that one of the characteristics that could be used to differentiate between the three stall management classifications (high, medium, and low) was the C:N of stall manure. Therefore, the moisture content, pH, EC, and dry basis concentrations of all characteristics were averaged for each of the stall management classifications. The average dry basis concentrations for each stall management class were converted to wet basis using the average moisture content. The data for bedding-free manure, and manure collected from the storage pile were treated in the same manner. The mean wet basis concentrations for each stall management class, beddingfree manure, and manure taken from storage are provided in Table 5 . These results provide information that may be useful for development of manure management plans for equine facilities. As was noted earlier, and can be readily seen in Table 5 , as stall management increased from low to high, the C:N of the as-removed bedded manure increased substantially. The organic matter content (O.M.) followed the same trend. The organic matter content increased from 198.1 kg/mt for manure without bedding to 323.9 kg/mt for manure removed from the best managed stalls. The source of the additional O.M. was the organic bedding used. Therefore, one of the defining factors of stall management was the amount of organic bedding used per stall with the best managed stalls containing the most.
The impact of using more bedding per stall can also be observed in Table 5 . As bedding use increased, the wet basis concentrations of total-N, P 2 O 5 , K 2 O, almost all of the minor plant nutrients, and Na decreased. The reason for these declines was the dilution effect provided by bedding. That is, addition of bedding decreased the concentration of many valuable constituents. Therefore, the level of stall management should be considered when selecting representative data for development of manure management plans for horse facilities.
The wet basis composition data for bedding-free manure and bedded manure removed from storage did not follow the trends observed for as-removed bedded manure. The wet-basis concentrations for bedding-free manure were much lower in total-N, P 2 O 5 , and K 2 O than the manure removed from the most poorly managed stalls (low stall management). It is believed that these lower concentrations were caused by the lack of urine in the samples, and higher moisture content. The manure removed from the storage pile contained much lower concentrations of major and minor plant nutrients than the as-removed manure with a similar C:N (high stall management group). These lower concentrations were due to losses during storage as discussed previously.
The amount of bedding used, and storage in a pile also influenced the composition of the total nitrogen of horse manure. While the majority of the nitrogen was in the organic form for all cases ( Table 5 ) the amount of bedding used, and storage influenced the amount of mineral or soluble nitrogen (TAN + Nitrate-N) contained in the manure. The percentage of the total-N in mineral form ranged from only 1.0% for manure removed from the storage pile to 8.1% to 14% for bedded manure as-removed from stalls.
In most cases, manure from animal production facilities can be used as a good source of plant available nitrogen to grow forages, cereal grains, and other important crops. Using animal manure as a nitrogen fertilizer substitute generally requires the estimation of the fraction of the TAN that will be conserved, and the amount of organic-N that will mineralized by soil microbes in a reasonable amount of time (e.g. Chastain, 2006) . However, horse manure is often not a good source of plant available nitrogen due to high C:N. Even bedding-free horse manure typically has a C:N around 20 (Wheeler, 2006 , Hudson. 1994 , while the average C:N for bedding-free manure in this study was 27.5. Addition of bedding to manure added large amounts of organic matter of which 53% was carbon on the average (mean from Table 5 ). Several studies and current extension recommendations warn that applying un-composted horse manure to fields or gardens will cause immobilization of soluble nitrogen and will depress plant growth or crop yields (e.g. James, 2003) . That is, soil microbes will use the mineral nitrogen in the soil to breakdown the carbon thus robbing plants of nitrogen. The nitrogen will be converted to organic-N that will eventually release slowly over time. However, the timing of the release will often occur after a crop is harvested, thus rendering the mineralized N useless to the crop being grown. This is especially true for crops such a sweet corn, and other vegetables.
The immobilization of soluble nitrogen caused by application of un-composted horse manure is often called induced nitrogen deficiency (James, 2003) . The problem is so prevalent that James (2003) recommends adding pure nitrogen fertilizer to horse manure prior to application to a field or garden. The recommended rate to overcome induced nitrogen deficiency is 5 kg (10 lb) of ammonium nitrate (34-0-0) per 1000 kg (2000 lb) of horse manure.
Researchers at Colorado State University (Doesken and Davis, 2007) compared the release of mineral nitrogen (NH 4 + -N + NO 3 -N) with respect to time following application of urea, composted horse manure, bedding-free manure, and horse manure mixed with a large amount of bedding to pasture. A portion of their data is presented in Table 6 . They observed that un-composted horse manure released almost no mineral nitrogen until 166 days following application. In fact, un-composted manure mixed with 40% wood shavings by volume immobilized the largest amount of nitrogen up to day 111 post application. In contrast, composted horse manure released measureable amounts of mineral nitrogen up to day 111. It should also be noted that composted and un-composted horse manure were not sufficient nitrogen substitutes for urea. This was not surprising since only 6% to 12% of the organic-N in most compost products is mineralized during the first growing season (Rynk, et al., 1992) .
Given the large amounts of bioavailable carbon contained in horse manure it cannot be used as sufficient source of nitrogen in a similar manner as poultry litter (C:N = 9 to 12). Instead, the data in this study, and the information in the literature, imply that it may be best to thoroughly compost horse manure to stabilize bioavailable carbon and nitrogen prior to use. After composting, the material still needs to be applied based on agronomic rates for P 2 O 5 , or K 2 O while accounting for the plant available nitrogen as discussed in detail by Chastain et al. (2006) . * Numbers in each column followed by the same letter were not significantly different at the 95% level according to the analysis in the original study.
Another alternative is to apply horse manure based on the P 2 O 5 or K 2 O needs of a crop while adding additional nitrogen to offset induced nitrogen deficiency. A portion of the mineralized-N will be converted to organic-N and will release slowly later in the year, and on into the next (Wheeler and Zajaczkowski, 2001 and Wheeler, 2006) . Estimation of nitrogen that is carried over into the next growing season, and following years is prone to uncertainties related to soil pH, moisture, temperature, rainfall, and microbial activity. However, the best recommendation available was provided by Wheeler (2006) and is reflected in the following equation:
Where, PAN i = Plant available nitrogen estimated to be released in the ith year following application, OA i = organic-N availability factor in the ith year following application, and Org-N = Wet basis organic-N content of un-composted horse manure.
The values of OA i recommended for use in equation 1 are (Wheeler,2006) 
Summary and Conclusion
A study was conducted to measure the plant nutrient, organic matter, and carbon content of as-removed stall manure, bedding-free manure, and manure from an uncovered storage pile on six horse farms. Prior to analysis, stall management for each of the horse barns was classified as high, medium, or low based on the bedding frequency, and amount of bedding contained in the stall. Statistical analysis of the organic matter, Total-N, P 2 O 5 , K 2 O, and several minor plant nutrient concentrations (dry basis) indicated that the composition of manure collected from each of the barns, and the covered pile were significantly different in one or more characteristics. These results point out that data collected from individual facilities are needed to account for farm-to-farm differences in feed composition, use of mineral supplements, stall management, and stall use.
Storage of manure in an uncovered pile resulted in very little active composting as indicated by an insignificant reduction in organic-N, and only a small reduction in carbon (3%). Uncovered storage also resulted in reductions in major and minor plant nutrient concentrations ranging from 33% (Mn) to 74% (K 2 O). Therefore, nutrient content data obtained from bedded manure as-removed from a stall was shown to be inadequate to determine agronomic applications rates for manure removed from storage. In practice, separate data sets would be needed for management of as-removed horse manure, and manure removed from storage for development and implementation of a manure management plan.
In general, as the quality of stall management increased the amount of bedding provided per stall per day increased resulting in an increase in C:N. The C:N ranged from 23 to 48 for the barns sampled on the six farms. A correlation analysis was conducted to determine if the dry matter concentrations of organic matter, and plant nutrients were significantly correlated with C:N. The only measured characteristic that had a significant positive correlation with respect to C:N was the organic matter content. This was not surprising since bedding was the source of additional organic matter. The plant nutrients that had significant negative correlations with respect to C:N were: organic-N, total-N, P 2 O 5 , Ca, Mg, Zn, and Cu. It was apparent that one of the effects of additional bedding use was to dilute major and minor plant nutrient concentrations.
Electrical conductivity is often used as a general measure of the salt content in manure, compost, and other soil amendments. The eight different treatments included in this study had EC values ranging from 0.45 to 3.46 mmhos/cm. A correlation analysis was used to determine which of the conductive elements included in the analysis (Cu, Ca, Mg, Na, Zn, K 2 O, Fe, Mn) were significantly related to EC. It was determined that the only plant nutrient that was a significant predictor of elevated EC values was K 2 O content (dry-basis) with a correlation coefficient of 0.9727 and a coefficient of determination of 0.9462. Consequently, the high EC values observed were directly correlated to high levels of potassium and not harmful salts. These results demonstrate that EC alone cannot be used to determine if plant toxicity is likely, but sufficient analyses should be performed to determine if the elevated EC is from valuable nutrients or salts as suggested previously by others (e.g. Compost for Soils, 2011).
All of the horse manure samples collected on the six farms studied contained large amounts of carbon as indicated by C:N ratios ranging from 23 to 48. As a result, horse manure was not accessed to be a good source of nitrogen as compared to poultry litter. As a result, it may be best to compost horse manure to stabilize bioavailable carbon and nitrogen prior to use. After composting, the material should be applied based on agronomic rates for P 2 O5, or K 2 O while accounting for the organic nitrogen that will be slowly released. Another alternative may be to apply horse manure based on agronomic rates for P 2 O 5 or K 2 O while adding additional nitrogen to offset induced nitrogen deficiency. If un-composted manure is spread on cropland or pasture a portion of the mineralized-N will be converted to organic-N and would be expected to release slowly later in the year, and a portion may be carried over into subsequent growing seasons. Estimation of available carry-over nitrogen is difficult due to uncertainties related to soil pH, moisture, temperature, rainfall, and microbial activity. However, the best method of estimation appears to be a series of organic-N availability factors provided by Wheeler (2006) .
